Abstract: Thrombocytosis is frequently encountered as an incidental laboratory finding since isolated thrombocytosis is often asymptomatic. Even though thrombocytosis is benign and selflimiting in most cases, it can at times result in thrombosis or hemorrhage. The most common type of thrombocytosis is reactive (secondary) thrombocytosis and can be due to infections, trauma, surgery, or occult malignancy. Since thrombocytosis is a known risk factor for thrombosis, it is commonly a concern for ischemic stroke and myocardial infarction. Much less common are hemorrhagic events associated with thrombocytosis. Studies have shown that when hemorrhage is present in patients with thrombocytosis, it is most often seen in the setting of chronic myelogenous leukemia and essential thrombocythemia. In essential thrombocythemia, the overall risk of bleeding and thrombosis is 0.33% per patient-year and 6.6% per patient-year, respectively. In the general population, the risk of bleeding and thrombosis is 0% and 1.2%, respectively. The present study is a case report of an 83-year-old man who presented to the emergency department with hypertension and headache, who was then found to have significant thrombocytosis (platelets .1,000×10 9 /L) and acute right intraventricular hemorrhage without any signs of neurological deficits, or evidence of vascular malformations or mass. We present this case report for review and discussion of some of the challenges and considerations associated with the management of such patients.
Introduction
Thrombocytosis is commonly defined by a platelet count .450,000/mm 3 (or µL) (150-450×10 9 /L). Extreme thrombocytosis is an even higher platelet count, one that exceeds 1,000×10 9 /L. The etiology of a high platelet count can be a reactive ( secondary) cytokine-driven mechanism or may be the result of growth factor-independent overproduction of platelets by clonal megakaryocytes, as in the case of myeloproliferative disorders (MPDs) or myelodysplastic disorders (autonomous thrombocytosis). 1 Reactive thrombocytosis is the most common cause of thrombocytosis and is more common in association with infection, patients with surgical disease, iron-deficiency anemia, and malignancy. 2 Approximately 10% of all reported patients with platelet counts .1 million have thrombocytosis secondary to rheumatoid and collagen vascular diseases, such as rheumatoid arthritis. 3 In patients postsplenectomy, reactive thrombocytosis has an incidence of ∼75%-82%, and platelet counts can remain elevated for several weeks. 4 Reactive thrombocytosis is usually, but not always, characterized by an elevated C-reactive protein or erythrocyte sedimentation rate, and platelets are usually small with a normal mean platelet volume. 
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Charles et al Autonomous thrombocytosis is defined as a thrombocytosis in the presence of an established diagnosis of chronic MPDs. Essential thrombocythemia (ET) is one of the four subgroups of chronic MPDs. The classical MPDs include ET, polycythemia vera, and primary myelofibrosis, as well as chronic myeloid leukemia (one of the MPDs that exhibits a specific cytogenetic abnormality). The diagnosis of ET is one of exclusion: once the other chronic MPDs and thrombocytosis from reactive (secondary) causes have been excluded, the diagnosis of ET can be made. The World Health Organization's criterion for the diagnosis of ET is broader and includes: 1) a persistently elevated platelet count .450,000/ µL in the absence of reactive thrombocytosis; 2) normal iron stores, as evidenced by normal serum ferritin and normal red cell mean corpuscular volume. It requires the failure of iron replacement therapy to increase hemoglobin levels to the polycythemia vera range in the presence of decreased serum ferritin; 3) megakaryocytic hyperplasia on bone marrow aspiration and biopsy; and 4) the absence of Philadelphia chromosome or the BCR/ABL gene rearrangement, as well as the absence of peripheral blood, bone marrow, and karyotypic evidence for a myelodysplastic disorder.
While the presence of JAK2 mutation is highly specific for the diagnosis of an MPD (eg, polycythemia vera, ET, and primary myelofibrosis), it is present only in 50-64% of patients with ET and is absent in patients with reactive thrombocytosis. A calreticulin mutation is found in 15-25% of patients with ET, and an MPL proto-oncogene, thrombopoietin receptor mutation is found in an additional 4%. 6 ET can be familial or sporadic. In the familial ET, unlike in sporadic ET, activating mutations in the genes for thrombopoietin or c-Mpl, or mutations in the genes for other proteins are responsible for thrombopoietin-mediated thrombocytosis, and is inherited in an autosomal dominant pattern. 6 Regardless of the etiology, a high platelet count has the potential to be associated with vasomotor (headache, visual symptoms, lightheadedness, and atypical chest pain), thrombotic, or hemorrhagic complications. These complications are much more likely to occur in association with autonomous thrombocytosis and not with reactive thrombocytosis. 
Case
This is a case of an 83-year-old man who presented to the emergency department with a right-sided headache for 2 days. The headache was described as a pain level of 8/10, throbbing, and radiating to the back of the neck. No weakness, numbness, visual deficits, nausea, vomiting, dizziness, or lightheadedness was reported. He denied any difficulty in chewing or swallowing and denied any falls or trauma to the head. He has a history of hypertension, type 2 diabetes mellitus, osteoarthritis, and glaucoma.
His physical examination was significant for a nonfocal neurological examination, chronic poor visual acuity, and weak right palmar grasp secondary to his arthritis.
In the emergency department, his vital signs were as follows: height, 172.7 cm; weight, 72.6 kg; blood pressure, 188/109 mmHg; heart rate, 60 bpm; temperature, 36.8°C; respiratory rate, 18 bpm. The following laboratory data were remarkable: white blood cells, 8 His medications were famotidine 20 mg daily, amlodipine 10 mg daily, ultrashort-acting insulin 2-6 U subcutaneous four times a day, nicardipine, and lisinopril 20 mg daily. Initially, the management was focused on conservative blood pressure control and antiplatelet therapy with aspirin. A subsequent head computerized tomography (CT) revealed a right intraventricular hemorrhage (Figure 1) , which was managed with platelet transfusions, desmopressin acetate (DDAVP), and a nicardipine drip. The patient was admitted to the medical intensive care unit for frequent neurological examination and continuous blood pressure monitoring and control. The patient had an 11-day hospital stay and an extensive negative workup. Cardiac echocardiogram, vascular duplex of the lower extremities, and carotid duplex 
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Intraventricular hemorrhage in the setting of thrombocytosis were negative. Follow-up imaging showed stable intraventricular hemorrhage (IVH) (Figure 2) , and the patient was ultimately discharged to Kessler Rehabilitation Center with zero neurological deficits.
Discussion thrombocytosis and presumptive diagnosis of Et
It is important to note that the purpose of this case study is to recognize the hemorrhagic complications of thrombocytosis and the management of IVH in this setting. Secondary causes of thrombocytosis were ruled out. This patient's total iron was low at 28 µg/dL (normal: 59-158 µg/dL), and his total iron binding capacity was also low at 190 µg/dL, thus, ruling out iron-deficiency anemia as a cause for his thrombocytosis. In addition, there was no known trauma or recent surgery, no functional asplenia, or signs of hemolysis. Therefore, there was little evidence to support reactive thrombocytosis. In the absence of other known chronic MPDs, bone marrow biopsy and JAK2 mutation screening were suggested, and a presumptive diagnosis of ET was made. JAK2617V.F, a Janus kinase 2 mutation, is myeloid neoplasm specific; its presence excludes secondary polycythemia, thrombocytosis, or bone marrow fibrosis from other causes. More than 50% of patients with ET exhibit a JAK2617V.F mutation, and thus, JAK2 mutation screening can be complementary to histology for the diagnosis of ET. 6 This patient was lost to follow-up, and a quantitative and/or qualitative JAK2617V.F mutation screening was not performed.
the intraventricular hemorrhage
Using the database of published works cited in the Index Medicus (www.pubmed.com), the operative definition of extreme thrombocytosis is a platelet count that exceeds 1,000×10 9 /L. In extreme thrombocytosis and ET, hemorrhage is 20 times less frequent than in thrombotic events. 1 When bleeding does occur in association with thrombocytosis, it is most often mucocutaneous, such as echymosis, epistaxis, menorrhagia, and gingival bleeding. The most severe case of bleeding is intraventricular/intracerebral bleeding. 8 Once platelet levels rise .1-1.5 million/mL, patients are at increased risk for hemorrhagic events. The major risk factor for hemorrhage in ET appears to be extreme thrombocytosis. In this setting, the acquisition of von Willebrand factor (vWF) deficiency due to the loss of intermediate and large vWF multimers is a proposed rationale for the paradoxical bleeding. The arterial thrombotic condition in thrombocythemia changes into an overt spontaneous bleeding tendency at mean platelet counts of ∼2,000±1,000×10(9)/L due to an acquired von Willebrand disease with normal values of vWF antigen concentration but absence of intermediate and large vWF multimers in plasma. 9 The diagnosis of acquired von Willebrand syndrome with MPDs is difficult, and most cases have been diagnosed by chance since bleeding symptoms are mild. 10 In general, the laboratory features of acquired von Willebrand syndrome in MPDs are characterized by an increased platelet count of unknown etiology, normal partial thromboplastin time, slightly increased bleeding time, and slightly reduced factor VIII:C activity. 10 It follows that it is possible that our patient may have acquired a von Willebrand defect secondary to the extreme thrombocytosis and possible ET. Yet, in the absence of a value for bleeding time, vWF antigen and factor VIII:C levels, ristocetin, and collagenbinding assays, we are unable to determine if indeed this patient had acquired von Willebrand defect.
Management
Patient management guidelines for these complex patients are nebulous at best; antithrombotic therapy, active platelet transfusions, coagulopathy correction, tight blood pressure control, and/or cytoreductive therapy are just a few of the decisions that must be made in a rapid, evidence-based rubric. Half of the patients with ET are completely asymptomatic, 
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Charles et al and the remaining half present with vague vasomotor symptoms. Yet, bleeding manifestations at initial presentation of ET are relatively frequent; the risk is significantly associated with extreme thrombocytosis. 11 In this case, the patient was first started on antiplatelet aggregation therapy with aspirin being administered for vague complaints of chest pain and hypertension in the setting of severe thrombocytosis. A head CT was obtained and revealed a right-sided intraventricular hemorrhage. As expected, platelet function tests came back low at 180 PRU (194-418 PRU). Aspirin therapy was discontinued, and the patient was then immediately transfused a six-pack of platelets and administered DDAVP (glomerular filtration rate =40 mL/min, creatinine =1.7 mg/dL). DDAVP exerts a substantial hemostatic effect by inducing the release of vWF from its storage sites in endothelial cells. It has proved useful in treating (or preventing) bleeding episodes in patients with platelet function defects. 12 In addition, the patient received a Nicardipine drip for tight hemodynamic control with a goal of systolic blood pressure ,140 mmHg and the patient was then transferred to the medical intensive care unit for observation and monitoring with frequent neurological examination. Repeat head CT showed stable intraventricular hemorrhage, and the patient was weaned off the Cardene drip and transitioned back to his home antihypertensive medications. Follow-up brain magnetic resonance imaging was consistent with a stable IVH and showed signs of remote intraparenchymal hemorrhage with encephalomalacia and hemosiderin deposition. In addition, there were multiple scattered punctate foci throughout the brain parenchyma and brainstem due to remote microhemorrhages concerning for old neurological insults possibly from prolonged untreated thrombocytosis in this patient with hypertension.
Within 11 days, this patient was discharged to Kessler Rehabilitation Center with zero neurological deficits. The patient never followed up as scheduled with hematology. As such, definitive diagnosis and appropriate treatment with lifestyle modifications (such as smoking cessation), platelet-lowering agents, and possible thrombocytophoresis were not possible.
Early recognition and cautious medical management in this patient clearly seems to have so far minimized this patient's sequelae. The case illustrates a little appreciated but highly important complication of extreme thrombocytosis. Certainly, every headache does not require a head CT.
However, practitioners must recognize all the possible complications of thrombocytosis in order to safely evaluate patients presenting in this manner. In this case, we believe that the early head CT in this elderly patient with thrombocytosis played a key role in guiding us away from antiplatelet therapy and directly contributed to his favorable final outcome.
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